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(57) Abstract

An object tracking system is provided for tracking the removal of objects (41, 61, 181) from a location and the replacement of the
objects (41, 61, 181) at the location. The system includes a radio frequency identification "RFID" tag (19, 34, 52, 61, 166, 231) attached to
each of the objects (41, 61, 181) to be tracked and each tag (19, 34, 52, 61, 166, 231) has an antenna (22, 23, 37, 38, 54, 56, 76, 169, 187,
197, 219, 232). When activated, the RFID tag (19, 34, 52, 61, 166, 231) of an object (41, 61, 181) transmits a unique code identifying the
object (41, 61, 181). A storage unit (81) is provided at the location and the storage unit (81) has a plurality of receptacles (83) configured to
receive objects (41, 61, 181) replaced at the location. Each receptacle (83) has an associated antenna (87, 88, 134, 141, 149, 151, 173, 193,
199, 224) for activating the RFID tag (19, 34, 52, 61, 166, 231) of an object (41, 61, 181) in the receptacle and receiving the radio frequency
transmitted code of the object (41, 61, 181). The antennae of the system can be capacitive plates (22, 23, 27, 38, 54, 56) for conveying the
radio frequency transmissions (93) through capacitive coupling or inductive loops (173, 193, 197) for conveying the transmissions through
the inductive coupling. A computer-based controller (67, 234) is coupled to the antenna of the receptacles (83) for receiving transmitted
codes and determining based thereon the absence or presence and location of objects (41, 61, 181) within the storage unit (81).




AL
AM
AT
AU
AZ
BA
BB
BE
BF

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cdte d’'Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
|4
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Tceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT

SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
TJ
™
TR
TT
UA
uG
Uus
Uz
VN
YU
AL

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 00/16280 PCT/US99/20753

10

15

20

25

30

1
OBJECT TRACKING SYSTEM WITH
NON-CONTACT OBJECT DETECTION AND IDENTIFICATION

REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of the filing date of prior filed U. S.

Provisional Patent Application serial number 60/099,954, filed September 11,
1998.

TECHNICAL FIELD

This invention relates generally to object tracking and control systems and

more particularly to systems for tracking and controlling access to and disposition
of objects such as keys.
BACKGROUND

Many objects have intrinsic value or have value because they provide
access to other valuable objects. For instance, jewelry and coins have inherent

intrinsic value while keys, such as keys to vehicles, have value because they
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provide access to other valuable objects, namely automobiles and trucks. Further,
access to and control of some items, such as narcotics for example, needs to be
monitored, tracked, and controlled to assure against unauthorized access or assure
that proper and appropriate accesses catalogued. There is a serious need to be
able to track, catalogue access to, and control such objects in a way that is
reliable, simple to implement, and virtually tamper proof.

In the past, a variety of systems have been implemented to track and
control objects. In the case of keys in an automobile dealership, for example,
pegboards have been used to keep track of the keys as sales persons, maintenance
personnel, and others remove keys for access to vehicles. Generally, sign out
sheets are used to log the check-in and checkout of such keys. Obviously, such a
manual system of tracking has numerous shortcomings due in large part to the
very real potential of human error and forgetfulness in carrying out the sign-in
and sign-out procedures.

More recently, automated computer controlled key tracking systems have
been implemented for tracking, for example, vehicle keys at car lots and keys to
the apartments of apartment complexes. One such system particularly applicable
to the present invention is the key tracking system disclosed and claimed in my
U.S. Patent No. 5,801,628 the disclosure of which is hereby incorporated fully by
reference. In the disclosed system, referred to herein as the "Key Track" system,
keys to a vehicle are attached with a rivet or the like to a thin plastic key tag or
card having a depending tongue. The tongue carries a small button shaped
electronic touch memory device, which electronically stores a unique code. The
tongues of the key tags are configured to be insertable in an array of slots formed
in a top panel within a storage drawer. A printed circuit backplane is disposed
beneath the top panel and is provided with a plurality of pairs of metal contacts,
each pair of contacts being aligned with a corresponding one of the slots in the top
panel. When the tongue of a key card is inserted in a selected one of the slots, its
touch memory device is engaged by the corresponding pair of contacts.

A computer or microprocessor or microcontroller based controller is

electronically coupled through a communications matrix to the contacts on the
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backplane and periodically polls each pair of contacts, preferably several times
per second, to determine the presence or absence of a touch memory device and
thus which slots contain key cards and which do not. More specifically, if no
information is received from a particular pair of contacts when polled, it is
determined that the slot corresponding to the pair of contacts is empty. When a
slot contains a key card, the touch memory device of the card responds to the poll
by transmitting its unique code, from which the identity of the particular key
attached to the card can be determined through a table lookup. In this way, the
absence or presence and location in the storage drawer of key cards and their
associated keys can be noted by the controller each time the array of contacts are
polled. If a card present in a slot on a prior polling is absent on a subsequent
polling, then the controller notes that the card and its key have been removed
from the storage drawer. Conversely, if a key card is detected in a previously
empty slot, the controller notes that the card and its key have been replaced in the
storage drawer. The removal and replacement of keys is therefore continuously
monitored.

An access feature requires an authorized user such as a sales person to
enter an ID code to unlock and access the storage drawer. When the history of
removal and replacement of key cards and their keys is combined with other
information, such as the time at which cards are removed and replaced and the
identities of the persons who accessed the drawer and times of access, access to
the keys in the drawer can be controlled and a detailed tracking log can be
created. This Key Track system greatly decreases instances of lost keys, reduces
the time required to find checked-out keys, and generally provides automatic
tracking and control of the keys, and thus, to a large extent, controls and tracks the
vehicles to which the keys provide access.

While the Key Track system described above has proven extremely
valuable in the tracking and control of keys, it nevertheless has certain problems
and shortcomings inherent in its design. For example, the backplane of the
system, which may contain dozens of upstanding metal contacts for engaging the

electronic touch memory devices of key cards, can be relatively complex and



WO 00/16280 PCT/US99/20753

10

15

20

25

30

labor intensive to fabricate and requires precision in the placement and orientation
of contact pairs. In addition, foreign items such as loose keys or other small metal
items that may inadvertently be dropped into or hang through one of the slots in
the top panel can and sometimes do short the contacts on the backplane, resulting
in the potential for false key tracking logs or, in extreme cases, error conditions
that can result in degradation of the integrity of the entire system.

Furthermore, because the reading of the codes stored in the touch memory devices
relies upon physical contact between the touch memory devices and the electrical
contacts on the backplane, resistances that can result from corroded contacts or
dirty touch memory devices can also result in false and degrading readings.
Additionally, the electrical contacts sometimes become bent or sprung so that they
fail to make proper contact with the touch memory devices of key cards placed in
their corresponding slots. These and other related problems all result from the
requirement in the Key Track system that object detection and identification relies
upon physical electrical contact between a set of electrical contacts and an
electronic touch memory device.

Thus, even though the Key Track system has proven very useful and
successful, there exists a continuing need to enhance the system in such a way
that the problems mentioned above are addressed in an efficient, economic, and
reliable way. It is to the provision of such enhancements and improvements that

the present invention is primarily directed.

SUMMARY OF THE INVENTION

Briefly described, the present invention, in one preferred embodiment
thereof, comprises enhancements and improvements to the Key Track system
disclosed in my U.S. Patent No. 5,801,628 to address the problems resulting from
the requirement of physical electrical contact for detecting and identifying
objects. More specifically, the invention comprises an object tracking system for
tracking the removal of objects from a location and the replacement of the objects
at the location. In the preferred embodiment, the objects to be tracked are thin

plastic cards to which keys can be attached or small containers into which keys or
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other items can be placed. Keys may also be attached to the outside surfaces of
the containers if desired. It should be understood, however, that the present
invention is applicable to a wide variety of objects other than these. The key
cards and containers that are the "objects" in the present disclosure are exemplary
only and represent the best mode of practicing the invention, but are not intended
to impose limitations on the invention. In this disclosure, the term “objects” is
used in the context of the preferred embodiment to refer to the key cards and
containers in combination with the keys attached thereto. It should be understood,
however, that the “object” should be interpreted to any item that is desired to be
tracked and monitored with the system of this invention and is not limited to key
cards, containers, keys, or any other particular item.

An ID tag is attached to each of the objects to be tracked by the system
and each ID tag includes electronic storage means carrying a stored code
associated with the object to which the ID tag is attached. If another item, such as
a key, is attached to the object, then the code also identifies the other item. Each
ID tag is adapted to transmit its stored code by means of non-contact transmission
such as, for example, radio frequency transmission, when the ID tag is
appropriately activated.

A storage unit is provided at the location with the storage unit having a plurality
of receptacles configured to receive objects when objects are replaced at the
location and to allow the objects to be selectively removed from the storage unit
when the objects are to be removed from the location. A sensor is associated with
cach of the receptacles in the storage unit for activating the ID tag of an object in
the receptacle and, in turn, detecting the resulting transmission by the ID tag of
the stored code associated with the object. Selection circuitry is coupled to the
sensors for successively selecting the sensors. Each sensor, when selected, detects
the stored code associated with an object if an object is present in the
corresponding receptacle and detects no code if an object is not present in the
corresponding receptacle.

A computer or microprocessor based or other appropriate controller is

coupled to the sensors through a communications link for receiving stored codes
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detected by the sensors and determining, based on the received codes, the absence
of objects removed from the storage unit and the presence and location within the
storage unit of objects present in the storage unit.

In the preferred embodiment, the ID tags attached to the objects are radio
frequency identification (RFID) tags, which are adapted to transmit their stored
codes through radio frequency transmission when the tags are appropriately
activated. Each of the ID tags includes an antenna for transmitting its stored code
and, in one embodiment, for receiving data to be stored or acted on by the RFID
tag. Each of the sensors includes an antenna for activating the RFID tags and
receiving stored codes transmitted thereby and/or convey data to the RFID tags.
In one preferred embodiment, the antenna of each RFID tag compriscs a pair of
capacitive plates located on the object and the antenna of each sensor comprises a
pair of capacitive plates positioned to align with the capacitive plates of an RFID
tag when an object bearing the RFID tag is placed in the corresponding receptacle
of the storage unit. In another embodiment, the antenna of each RFID tag
comprises an inductive loop antenna coupled to the RFID tag and the antenna of
each sensor includes a corresponding inductive loop positioned to align with the
loop of an RFID tag when an object bearing the RFID tag is inserted in a
corresponding receptacle of the storage unit. In either case, the RFID tag of an
object in a receptacle of the storage unit is activated when radio frequency power
is supplied to the antenna of the sensor corresponding to the receptacle and the
code of the RFID tag is detected by the sensor and conveyed through the
communications link to the controller. Thus, detection and identification of
objects within the storage unit is accomplished through non-contact radio
frequency transmissions.

The object tracking system of the present invention provides a number of
advantages over systems requiring physical electrical contact for detection and
identification of objects in a storage unit. For example, since codes are conveyed
not through physical contact but rather through radio frequency transmission or
through modulation of a radio frequency signal, foreign objects that may fall into

the storage unit do not result in shorted contacts and have little effect on the
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integrity and reliability of the system. Further, when this invention is applied to
an object tracking system including a panel with receptacles and a backplane, the
antenna of the sensors can be formed on the backplane in inexpensive and reliable
ways such as, for example, through common printed circuit board etching
techniques. The sensors can be formed on the back side of the backplane if
desired to protect the sensors further. Thus, not only is the system more reliable
than prior art systems, it is also more economical to produce. Finally, because the
detection of codes is accomplished through radio frequency transmissions,
problems associated with interference or cross-talk in the data matrix that must be
addressed with systems employing physical contacts are much less prevalent and,
even where present, are simpler to address. Also, since no physical electrical
contact is required for detecting codes, problems associated with corroded or bent
contacts or dirty touch memory devices are eliminated altogether. As a matter of
fact, the present object tracking system functions as well in commonly
encountered dirty or corrosive conditions as in clean conditions. Finally, since the
RFID tags have no polarity requirements as do physical contacts, the objects can
be placed in the slots in any orientation.

Thus it is seen that an improved object tracking system is now provided
that successfully addresses the shortcomings of prior systems wherein physical
electrical contact has been required for object detection and identification. The
system lends itself to a wide variety of applications where it would otherwise be
difficult to employ systems requiring physical electrical contacts and is
economical, robust, and reliable. These and other features, objects, and
advantages will become more apparent upon review of the detailed description set
forth below when taken in conjunction with the accompanying drawings, which

are briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an object in the form of a key card for use
with an object tracking system of this invention illustrating one preferred

placement and configuration of a capacitive plate antenna and RFID tag.
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Fig. 2 is a perspective view of an object in the form of a key card
illustrating an alternate configuration of the capacitive plate antenna.

Fig. 3 is a perspective view of an object in the form of a box or container
bearing an RFID tag with a capacitive plate antenna having a preferred
configuration.

Fig. 4 is a perspective view of the container of Fig. 3 opened to reveal its
interior and placement of the RFID tag and its capacitive plate antenna.

Fig. 5 is a functional block diagram of an object tracking system that
embodies principles of the present invention in a preferred form.

Fig. 6 is a functional block diagram showing the components of an RFID
tag attached to an object to be tracked.

Fig. 7 is an exploded perspective view illustrating a preferred
implementation of the object tracking system of this invention wherein the
sensors of the system are formed on a backplane positioned beneath a receptacle
panel of a storage unit.

Fig. 8 is a top plan view illustrating alignment of the capacitive plate
antenna of an RFID tag on an object with the capacitive plate antenna of a sensor
on the backplane of Fig. 7.

Fig. 9 is a simple functional schematic illustrating interrelations of the
components of the present invention.

Fig. 10 is an electronic schematic illustrating one preferred mode of
implementing principles of the present invention.

Fig. 11 illustrates one configuration of the capacitive plate sensors on the
backplane of the system.

Fig. 12 illustrates an alternate configuration of the capacitive plate sensors
on the backplane.

Fig. 13 illustrates an alternate embodiment of the present invention
wherein the antennae of the ID tags and the antennae of the sensors are inductive
loops.

Fig. 14 is a perspective view illustrating an alternate configuration of the

inductive loop antenna embodiment of this invention.
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Fig. 15 is a perspective view showing yet another configuration of the
inductive loop antenna embodiment of the invention.

Fig. 16 is an electronic schematic diagram showing a preferred
implementation of the inductive loop antenna embodiment on the backplane of a
storage unit.

Fig. 17 is a cross-sectional view of a portion of a storage unit showing the
inductive loop antenna embodiment of Fig. 16.

Fig. 18 is a perspective view illustrating an alternate application of the

present invention for tracking file folders within a filing cabinet.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be described in detail within the general context
of a key or small item tracking system. In such a system, keys to vehicles are
attached to key cards (or placed in or on the outside surface of small containers),
which are checked out from and replaced in a centrally located storage unit. Each
key card is provided with an RFID tag. The storage unit preferably has a top
panel formed with an array of receptacles for receiving the key cards. A
backplane is disposed beneath the panel and has an array of sensors for detecting
and identifying key cards located in the receptacles of the storage unit. This
configuration is discussed in detail in my issued patent, which provides
background for the discussions that follow.

Even though a preferred embodiment of the invention is as a key or small
item tracking system, it should be kept in mind during review of the detailed
description that follows that the invention has a wide variety of uses wherever
there is a need to track access to and location of objects. In many such
configurations, the RFID tags may be attached directly to the objects that
ultimately are to be tracked, although in the preferred embodiments, the “objects”
to which the RFID tags are attached are key cards or containers and the keys
attached thereto are the items ultimately to be tracked. The particular context
within which the invention is described should therefore not be considered to be a

limitation of the invention.
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Referring now in more detail to the drawings, in which like numerals refer
to like parts throughout the several views, Fig. 1 illustrates a key card for use with
a Key Track system embodying principles of the present invention. The key card
11 is generally rectangular in shape and has a top edge 12, a bottom edge 13, a
right side edge 14, and a left side edge 16. The card 11 defines a front face 17
and a rear face 18 (not shown in Fig. 1) and is sized to be inserted in and removed
from any of a number of slots or receptacles in a storage unit. An attachment lug
24, which may be a rivet or some other attachment mechanism, is mounted
adjacent top edge 12 of the card for attaching a key or a set of keys to the card. A
radio frequency identification (RFID) tag 19 is attached to the card 11 adjacent its
bottom edge 13. The RFID tag 19 includes an integrated circuit chip 21 coupled
to an antenna, which, in this embodiment, comprises a capacitive plate antenna
defined by first capacitive plate 22 and a second capacitive plate 23. The
capacitive plates 22 and 23 can be fabricated of any suitable conductive or
semiconductive material such as, for example, conductive foil or, more
preferably, resistive ink.

RFID tags such as those illustrated in Fig. 1 and throughout the figures of
this disclosure are commercially available devices and can be obtained from a
number of suppliers including Microchip Corporation, Motorola, and Texas
Instruments. At this writing, only Motorola is known to supply capacitive RFID
tags while all of these companies supply inductive loop RFID tags. Also
available from these suppliers are the "chip sets" that accompany the RFID tags.
These chip sets include related electronic components such as encoder/decoder
chips for detecting and decoding information conveyed by the RFID tags. In
general, two types of RFID tags are available; inductive tags and capacitive tags.
Application of inductive RFID tags in the present invention is described below.
Capacitive RFID tags, one of which is available from Motorola under the trade
name Bistatix, are suitable for use in the present invention. In general, the
distinction between inductive and capacitive RFID tags is that in inductive tags,
radio frequency information is conveyed through inductively coupled loop

antennas and in capacitive tags, radio frequency information is conveyed through
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capacitively coupled plate antennas. The detailed operation of RFID tags is
beyond the scope of the present disclosure. Such detail information is published
by the manufacturers of these devices and is generally available.

Fig. 2 depicts an embodiment of a key card that embodies principals of the
invention in an alternate form. The key card 26 is similar to the key card 11 of
Fig. 1 and has a top edge 27, a bottom edge 28, a right side edge 29, and a left
side edge 31. The card defines a front face 32 and a back face 33 (not visible in
Fig. 2). An RFID tag 34 is attached to the card 26 adjacent its bottom edge. The
RFID tag 34 comprises an integrated circuit chip 36 and an associated antenna
formed by a first capacitive plate 37 and a second capacitive plate 38. The
alternate embodiment of Fig. 2 is similar in all respects to the embodiment of
Fig.1 except that, in Fig. 1, the capacitive plate antenna is arrayed horizontally
adjacent the bottom edge 13 of the card while in Fig 2 the capacitive plate antenna
is arrayed vertically. The implications and applications of these alternate
configurations are discussed in more detail below.

In Figs. 1 and 2, the RFID tags, including their antennae, are illustrated as
being attached to the front faces of their respective key cards. It will be
understood, however, that the tags and their antennae can just as well be attached
to the back faces of the cards, covered by a protective coating, or, even more
preferably, embedded within the material of the cards themselves. Embedding the
RFID tags and their antennae is advantageous since they are then protected from
the elements and from being scratched or scraped off of the card as a result of
rough handling.

Fig. 3 illustrates yet another alternate and preferred embodiment
comprising an openable container 41 for use with an object tracking system of
this invention. The container 41, which may be molded of plastic, comprises a
top side 42, a bottom side 43, a right side 44, and a left side 46. A back panel 47
closes the back of the container and a hingeable cover 47, when shut, closes the
front of the container to define an interior compartment within the container. An
attachment Iug 57 can be provided within the compartment or, alternatively, on

the outside of the container if preferred for attaching keys or other objects to the

11
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container. A capacitive RFID tag is attached to the bottom side 43 of the
container 41, preferably on the inside of the container. As with the embodiments
of Figs 1 and 2, the RFID tag 52 comprises an integrated circuit chip 53 and an
associated antenna formed of a first capacitive plate 54 and a second capacitive
plate 56.

Fig. 4 illustrates the container 41 of Fig. 3 in its open configuration. The
attachment of the RFID tag 52 to the inside surface of the bottom side 43 of the
container is illustrated more clearly. Attaching the RFID tag in this manner
provides for ease of fabrication techniques. In fact, one configuration in which
capacitive RFID tags may be available is in the form of adhesive stamps or
stickers, which can simply be adhered to the interior surface of the bottom side 43
of the container during the fabrication process. Alternatively the RFID tag can be
attached to the outside surface of the bottom side or embedded within the plastic
material of the container to protect it from contamination and abuse.

While the embodiment of Figs. 3 and 4 is illustrated as a container with an
interior compartment for containing keys or other objects, it may judiciously be
fabricated as a permanently or semi-permanently closed structure with an
attachment tug on the outside. In such a configuration, the embodiment of Fig. 3
would function similar to a key card such as those shown in Figs. 1 and 2 but the
RFID tag would be located on the bottom of the closed container and would be
enclosed to protect it from the elements and to provide more efficient
implementation in a system having a storage unit with a top panel defining
compartments and a backplare, as described in more detail below.

Fig. 5 illustrates, in the form of a functional block diagram the primary
elements of an object tracking system making use of RFID tags such as those
illustrated in Figs. 1 - 3. In many respects, this system is similar to that disclosed
in U.S. Patent No. 5,801,628. In general, the system comprises a number of
objects to be tracked, one such object 61 being illustrated in Fig. 5. These objects
can be key cards or containers as shown in Figs. 1 - 3 or virtually any other type
of object whose removal and replacement at a central or storage location needs to

be tracked. An RFID tag 62 is attached to each object 61.

12
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As with prior Key Track systems, the goal of the object tracking system of this
invention is to determine the absence or presence and location of objects at a
central location wherein a storage unit having a number of RF sensors 63 may be
present. As described in more detail below, each of the RF sensors at the location
is associated with an object receptacle and is electronically coupled to a matrix
selector, which has the ability to activate or, in other words, to apply an RF carrier
signal to the RF sensors sequentially or otherwise. Activation of an RF sensor 63
associated with a receptacle where an object 61 is present causes the RFID tag 62
of the object 61 to activate and convey its stored identification code to the RF
sensor 63. The codes conveyed by the RFID tags to the RF sensors are received
and decoded by a radio frequency encoder/decoder 66. The matrix selector and
RF encode/decoder are connected to a computer or microprocessor based
controller 67, which directs the activities of these devices to track and log the
removal and replacement of objects 61 at the location.

Fig. 6 illustrates, in the form of a functional block diagram, the major
components of a typical RFID tag. As mentioned above, such tags are
commercially available and their detailed operation is beyond the scope of this
disclosure. However, a general understanding of their operation is helpful.
Further, while Fig. 6 illustrates a passive RFID tag, it will be understood by those
of skill in the art that active RFID tags are also available and can be used. Active
tags generally include their own power source and some are capable of receiving
and storing information as well as conveying information as do passive RFID
tags.

In the passive RFID tag 71 illustrated in Fig 6, a parasitic power system 72 is
provided on the chip for drawing electrical power from the radio frequency signal
produced by the antenna of an adjacent RF sensor. An electronic memory 74 is
provided for storing the unique code of the RFID tag and an encoder/decoder 73
is coupled to the memory for producing radio frequency modulations that carry
the unique code stored in memory. The encoder/decoder and power system are
coupled to an antenna 76, which can be a capacitive plate antenna such as that

illustrated in Figs. 1 - 4, an inductive loop antenna, or another appropriate type of
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antenna. The antenna of the tag is adapted for radio frequency coupling to the
antenna of an RF sensor to convey the code of the RFID tag to the sensor and on
to the controller of an object tracking system for processing.

Fig. 7 depicts one preferred embodiment of an object tracking system that
embodies principles of the invention in a preferred form. In this system the
objects to be tracked comprise the containers 41 (and their attached keys)
illustrated in Fig. 3 with the containers having RFID tags 52 with an antenna
formed by capacitive plates 54 and 56. It should be understood that principles
illustrated in Fig. 7 are equally applicable to other objects to be tracked and to
other configurations of RFID tags.

The system of Fig. 7 comprises a storage unit such as, for example, a
drawer, generally indicated at 81, at a location where the objects 41 are to be
checked out and checked back in by personnel. The storage unit 81 includes a top
panel 82 formed with an array of openings 83, each of which define a receptacle
sized and configured to receive an object 41. Since the RFID tags are polarity
insensitive, the slots need not be keyed to ensure a particular orientation of the
object 41 when inserted in a receptacle. The storage unit 81 also includes a
backplane 84, which is disposed beneath and spaced from the top panel 82. The
backplane 84, which preferably takes the form of a printed circuit board, carries
the radio frequency sensors and related electronics for receiving the codes of
RFID tags attached to objects inserted in the receptacles 83. More specifically, an
RF sensor corresponding to and aligned with each of the receptacles 83 is formed
on the backplane and comprises a capacitive plate antenna formed by a first
capacitive plate 87 and a second capacitive plate 83.

The capacitive plates 87 and 88 are positioned on the backplane 84 such
that they align with the capacitive plates 54 and 56 attached to an object inserted
in the corresponding receptacle 83. That is, when the object is inserted in the
receptacle such that its bottom side rests on the backplane, the capacitive plates 54
and 56 attached to the object align with and are disposed adjacent to the

capacitive plates 87 and 88 of the respective sensor. While the capacitive plates
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87 and 88 are shown on the top surface of the backplane in Fig. 7, they can also
be formed on the bottom surface if desired to provide better protection.

One of the capacitive plates 88 of each RF sensor is connected to radio
frequency ground 94 while the other is coupled, through a radio frequency switch
89, to a radio frequency source 93. Each radio frequency switch 89, in turn, is
connected to a row and column selection buss and all the row and column
selection busses are electronically coupled to the matrix selector. The matrix
selector is configured to address the row and column of an RF sensor in the array
of sensors to activate that sensor for receiving codes of an object, if any, in the
receptacle corresponding to the sensor. By “selection” it is meant that a radio
frequency carrier signal is applied to the plates of the sensor through the switch
89. One implementation of this selection or switching or polling process is
described in more detail below.

The storage unit 81 is indicated generically in Fig. 7. It should be
understood that this unit can take on a number of different variations and
configurations. For example, the panel 82 and backplane 84 can be disposed in a
lockable drawer such as that illustrated in U.S. Patent 5,801,628. Alternatively,
the system could be configured as a vertically oriented wall panel or in any other
form convenient for storing the particular objects desired to be tracked.
Accordingly, the particular configuration of the storage unit in the context of
which this application is described should not be considered to be a limitation of
the invention, even though it is considered by the inventor to be a best mode of
practicing the invention.

The object tracking system shown in Fig. 7 is similar in some functional
respects to that of prior Key Track systems. Specifically, the matrix selector,
controlled by the controller, sequentially activates or polls the RF sensors on the
backplane. If an object 41 bearing an RFID tag 52 is present in a receptacle
corresponding to a particular RF sensor, the RFID tag of the object is activated
upon selection of the sensor to convey its code to the RF sensor. The code is then
transmitted or conveyed to the controller, which notes that the object

corresponding to the received code is present in the storage unit and is located in
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the receptacle corresponding to the RF sensor that received the code.
Alternatively, if no code is received when a sensor is polled, the controller notes
that there is no object present in the receptacle corresponding to that sensor.

By sequentially polling the sensors in relatively rapid order (preferably
several times per second) the controller is able to log when objects are removed
from the storage unit, when they are replaced, and also the location or receptacle
within the storage unit where an object is located. More specifically, if an object
is detected in a receptacle during one polling cycle and is not detected in a
subsequent cycle, then the controller notes that the object has been removed from
the storage unit. Alternatively, if no object is noted on a polling cycle and an
object is detected on a subsequent polling cycle, then the controller notes that the
object has been replaced in the storage unit and that it is located at the receptacle
corresponding to the sensor that detected the object. As with prior Key Track
systems, this information can be compiled to create logs, reports, control
commands, alarm generating signals, and otherwise for tracking and controlling
access to the objects.

Fig. 8 illustrates the alignment of the capacitive plate antenna attached to
an object with the capacitive plates of an RF sensor on the backplane of the
system of Fig. 7 when the object is placed in a receptacle corresponding to the RF
sensor. Specifically, the capacitive plates 54 and 56 of the RFID tag attached to
the object 41 each align with a respective one of the capacitive plates 87 and 88
and are disposed closely adjacent to but generally not contacting the sensor plates
(although the system will operate with the plates in contact. In this way, a parallel
plate capacitor is formed by each capacitive plate of the RFID tag and the
corresponding capacitive plate of the RF sensor on the backplane. As mentioned
above, one of the capacitive plates of the RF sensor is coupled to radio frequency
ground at 80 while the other is coupled to a radio frequency source 93 through a
radio frequency switch 89. The switch can be activated when the row and column
of the switch is selected by the matrix selector through a row select line 91 and a

column select line 92. When the row and column of the sensor is not selected, the
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radio frequency switch is off, the RF carrier signal is not applied to plate 87, and
the RF sensor at that location is not activated.

Fig. 9 is a functional electronic schematic diagram illustrating the
interactions of the various components of the system. On the right, the RFID tag,
which in reality is all incorporated on the integrated circuit chip 53 (Fig. 8),
includes its parasitic power circuit, encoder/decoder and modulator circuit, and
memory. The antenna comprising, in this embodiment, capacitive plates 54 and
56, is coupled to the RFID tag and shown adjacent to the RF sensor's antenna
comprising capacitive plates 87 and 88. Capacitive plates 54 and 87 form a
parallel plate capacitor and plates 56 and 88 also form a parallel plate capacitor.
Capacitive plate 87 of the sensor is selectively couplable through radio frequency
switch 89 to the radio frequency source 106 and encoder/decoder 66. A practical
RF source 106 has series source resistance 108 and a source reactance 107. The
encoder/decoder 66 is connected across the combined source module 106, 107,
and 108. The encoder/decoder 66 and the matrix selector 64 are controlled by the
controller 67.

In general, the circuit of Fig. 9 operates as follows. When it is desired to
poll the RF sensor to determine if an object is present in its associated receptacle,
the controller triggers the matrix selector 64 to close the radio frequency switch
89 corresponding to the sensor. This couples capacitive plate 87 of the sensor's
antenna to the radio frequency source 106. The radio frequency signal produced
by the radio frequency source 106, in turn, is coupled by means of capacitive
coupling to the capacitive plate 54 of the RFID tag. In this configuration, the
capacitors essentially function or appear as short or very low impedance circuits
to the RF signal, thus essentially connecting the RF signal directly to the RFID
tag. The parasitic power circuit 72 within the RFID tag draws power from the
radio frequency signal and, when sufficient power has been stored, the
encoder/decoder-modulator circuit 73 is activated. The encoder/decoder
modulator 73 then accesses the memory 74 and generates a modulating load
across the capacitive plates 54 and 56 with the modulations corresponding to the

unique code retrieved from memory. This process generally is known as "keying"
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and information can be modulated onto an RF carrier wave through various types
of keying such as, for example, frequency shift keying (FSK), phase shift keying
(PSK), or amplitude shift keying (ASK), and/or amplitude modulation. A
discussion of such keying techniques is beyond the scope of the present
disclosure, but all are known and understood by those skill in the art.

The modulating load created by the encoder/decoder-modulator, in turn, causes
the characteristics of the radio signal measured across the source 106, 107, and
108 to modulate in proportion to the modulations generated by the RFID tag. The
encoder/decoder 66 is adapted to monitor these modulations and decode them into
the original code stored in the memory 74 of the RFID tag. In this way, the RFID
tag conveys its unique code to the encoder/decoder, which transmits it onto the
controller for analysis. The controller can then determine the identity of the
object bearing the RFID tag and process the information in an appropriate way.

While not illustrated in Fig. 9, an active RFID tag could also be used. As
mentioned above, such active tags are able to receive and store information as
well as transmit information. In such a system, the encoder/decoder 66 would
also modulate the radio frequency signal supplied to the sensor. The
encoder/decoder 73 of the RFID tag would then decode these modulations, extract
the information contained therein, and store the information in a storage memory.
Such a system could have a wide variety of uses. For example, the identity of the
person checking out the object or other useful information might be stored in the
RFID tag for access and processing at a later time. Both passive and active RFID
tags are considered to be within the scope of the present invention.

Fig. 10 is a detailed electronic schematic diagram illustrating one possible
circuit implementation of the present invention. It will be understood by those of
skill in the art that various other electronic circuits might also be applied to
accomplish the same result; however, the circuit of Fig. 10 is preferred because of
its simplicity and reliability.

In Fig. 10, the radio frequency source comprising elements 106, 107, and
108 is selectively couplable to the active plate 87 of each sensor at each location

in the storage unit. While six such sensors are illustrated in Fig. 10 for clarity, it
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will be understood that an actual impiementation might include dozens or more
sensors. Selection and activation of a sensor will be described herein with
reference to the sensor at location I on Fig. 10; however, the same discussion
applies to the other sensor locations J, K, L, M, and N.

When it desired to activate or select the sensor at location I, the controller,
through the matrix selector, sets the row select 109 for row 1 to a low state and
the column select 92 for column 1 to a high state. The low state of the row select
109 causes the N-channel MOSFET inverting switch 112 to set the row trace 113
to a high state. Similarly, the high state of column select 92 turns on transistor
121, pulling the column trace 114 to a low state. This causes diode 119 to be
forward biased, which turns the diode on and connects capacitive plate 87 of the
sensor at location I to the radio frequency source 106. Thus, the sensor at Jocation
I is activated, i.e. is connected to the RF carrier signal. However, the sensors at
the other locations are not activated because their diodes are maintained in a
reverse biased condition since only transistor 121 at column 1 is turned on.

Capacitor 118 forms a high pass filter that blocks DC voltages of the
selection matrix from being transferred back to the RF source while allowing
radio frequency modulations from an RFID tag to be transferred back for
interpretation by the RF encoder/decoder 66. Inductances 117 and 124 form RF
chokes that isolate row and column selector circuitry from the RF signals. If an
object bearing an RFID tag is present at location I, its code will be conveyed to
the RF encoder/decoder and then transmitted to the controller 64 in the manner
previously described. If no object is present at location I, no code will be
received. The controller can thus determine the absence of an object at location 1
or the presence of an object at location 1.

The process is repeated sequentially for sensors at locations J, K, etc. by
activating the appropriate row and column trace to forward bias their diode
switches and connect them to the radio frequency source 106 and the
encoder/decoder 66. Preferably, as mentioned above, the sensors at the various

locations are polled continuously at a relatively high rate of several times per
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second. In this way, the controller can easily determine the time at which objects
bearing RFID tags are removed and replaced at the storage location.

Fig. 11 illustrates an embodiment of the backplane of the present invention
wherein the key card 11 of Fig. 1 is used. A receptacle 131 in the top panel of a
storage unit (shown in phantom line in Fig. 11 for clarity) is sized to receive a key
card 11. A backplane 132 is disposed beneath the top panel and spaced
therefrom. Preferably, the backplane 132 also has a slot 133, which receives the
bottom edge 13 of the key card 11 for aligning the key card within the storage
unit. Capacitive plates 134 and 141 form the sensor in this embodiment.
Capacitive plate 134 is configured with an upstanding leg 136 and an attachment
tab 137. The attachment tab 137 is attached to the backplanc 132 by means of
rivets 138, or other appropriate fasteners. Similarly, capacitive plate 141 has an
upstanding leg 142 and an attachment tab 143 attached to the backplane 132 by
means of rivets 144. Capacitive plates 134 and 141 are attrached to the selector
circuitry and RF source as previously described.

With this configuration, it will be seen that when the key card 111 is
inserted into the receptacle 131, the capacitive plates 22 and 23 of its RFID tag 19
align with capacitive plates 134 and 141 of the sensor. Activation of the RFID tag
and conveyance of its code can thus be accomplished as described above.

Fig. 12 illustrates an embodiment of the object tracking system for use
with the key card 26 illustrated in Fig. 2. Here, the capacitive plates 37 and 38 of
the RFID tag's antenna are oriented vertically on the key card 26. A receptacle
146 in a top panel is sized to receive the card and an alignment slot may also be
provided in the backplane 147 if desired. A daughter board 148 is attached to and
projects upwardly from the backplane 147. The daughter board 148 carries the
sensor's antenna, which can be formed through PC board etching techniques and
which comprises capacitive plates 149 and 151. Capacitive plate 149 is
electrically connected to other components of the system such as the selector
circuitry and RF source through a trace 150 and capacitive plate 151 is similarly
connected through a trace 152. Preferably, the daughter board 148 is a small
printed circuit board and the capacitive plates 149 and 151 are formed through
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standard printed circuit etching techniques, although other techniques can be used.
When the key card 26 is inserted in the rebeptacle 146, its capacitive plates 37 and
38 aligned with capacitive plates 149 and 151 respectfully for activation of the
RFID tag and transfer of its code to the controller.

Fig. 13 illustrates an alternate embodiment of the object tracking system of
this invention, which makes use of inductive RFID tags rather than capacitive
tags. Here, key card 156 has a top edge 157, a bottom edge 158, a right side edge
159, and a left side edge 161. The card defines a front face 162 and a back face
163 (not shown). An attachment lug 164 is provided for attaching a key or other
item to a card. An RFID tag 166 is attached or embedded within to the key card
and comprises a integrated circuit chip 167 and an antenna 168, which, in this
embodiment, takes the form of a loop antenna 169.

The card 156 bearing RFID tag 166 is inserted in a receptacle 170 formed
in the top panel of a storage unit. The unit's backplane 171 is provided with an
upstanding daughter board 172 corresponding to the receptacle 170. The daughter
board 172 carries the antenna of the RF sensor in the form of a looped antenna
173 that is connected to other components of the system through traces 174.
When the key card 156 is inserted in the receptacle 170, its inductive loop antenna
168 aligns with the loop antenna 173 on the daughter board 172. Radio frequency
energy can then be transferred to and from the RFID tag in the same way as with
the capacitive RFID tag described above. However, in this embodiment, the radio
frequency energy and information carried by modulations thereof is conveyed
through inductive coupling between the two loop antennas 168 and 173.
Otherwise, the system functions in the same way as the previous capacitively
coupled embodiment.

Fig 14 and 15 illustrate yet further embodiments of the system of this
invention wherein inductive radio frequency coupling is used to detect and
identify objects. In Fig. 14, the object 181 is a key tab having an attachment card
182 and an attachment lug 183 for attaching a key or other object to the card. A
stem 184 depends from the attachment card 182 and has an interior bore 186
forming a socket in the depending stem 184. An RFID tag is attached to or
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embedded in the object and includes an integrated circuit chip 188 and inductive
loop antenna 187 coupled thereto. The inductive loop antenna extends around the
stem 184 in a spiral wrapped fashion surrounding the socket 186.

The stem 184 of the object 181 is inserted through an opening 189 in a top
panel to replace the object in a storage unit. A backplane 191 is provided with a
sensor post 192, which projects upwardly from the backplane 191 and is aligned
with the receptacle 189. The sensor post 192 is provided with a sensor in the
form of an inductive loop antenna 193 that wraps around the post and that is
connected to other components of the system through traces 194. When the
object 181 is inserted through the receptacle 189, the sensor post 192 is received
in the socket 186 in such a way that the inductive loop antenna 193 of the sensor
is disposed within and concentric with the inductive loop antenna 187 of the
RFID tag. Communication between the system and the RFID tag is then possible
as previously described. One advantage of the embodiment of Fig. 14 is that
radio frequency electromagnetic fields can be concentrated by the multi turn
concentrically disposed inductive loop antennas, making for more efficient
coupling of RF signals.

Fig. 15 illustrates yet another embodiment of the same concept. Here, an
object to be tracked has a depending stem 196 bearing an RFID tag having an
integrated circuit 198 and an inductive loop antenna 197. The backplane of the
system is provided with an inductive loop antenna unit 199 having a central
opening 102. When the stem 196 of the object is inserted into a receptacle
corresponding to a position in the storage unit, it is received through the opening
102 in the loop unit 199. Communication with the RFID tag then takes place as
previously described.

Another configuration of the inductively coupled object tracking system is
shown in Figs. 16 and 17. Fig. 16 illustrates the backplane of a storage unit with
its various electronic components and with inductive loop antennas formed on the
backplane by printed circuit board etching techniques. Specifically, each sensor
location on the backplane has a corresponding inductive loop antenna trace 206

extending around a central opening 207 for receiving the stem of a object placed
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in the storage unit. With reference to Fig. 17, the stem 216 of such a unit is
inserted through a receptacle 222 in a top panel 221 until its stem extends through
the corresponding opening 207 in the backplane 205. The stem 216 is provided
with an RFID tag comprising an integrated circuit chip 218 and an inductive loop
antenna 217. When in position, the inductive loop antenna 217, having multiple
turn inductive loops 219, is disposed in the center of the inductive loop traces 224
on the backplane 205. Preferably, inductive loop traces 224 are formed both on
the top and bottom surface of the backplane to increase the radio frequency field
strength. Communication with the RFID tag then takes place through inductive
coupling as described above.

Fig. 18 illustrates an alternate application of the object tracking system of
the present invention. In this application, the storage unit comprises a filing
cabinet 226 having a case 227 and a plurality of drawers 228. The drawers are
configured to carry file folders 229 in the usual way. Each of the file folders 1s
provided with an RFID tag 231, which, in the illustrated embodiment, is an
inductive RFID tag. An inductive loop antenna 232 is provided on the back of the
drawer 228 and is connected through flexible cabling 233 to the controller 234,
which contains the other electronic components described above. The other
drawers of the filing cabinet 226 also are provided with antennae that are coupled
to the controller 234 by means of a buss 236.

In use, the controller 234 sequentially polls the antennae 232 in the
drawers of the filing cabinet (or in several filing cabinets if desired). When the
antenna of each drawer is activated, the RFID tags of file folders 229 within the
drawer are activated and transmit their unique codes to the antenna 232. The
controller 234 then detects these codes and can determine from the codes
received, which files are in the drawer. In addition, when polled rapidly such as,
for example, several times per second, the controller can determine when files are
removed from drawers, when they are replaced, and which drawer they are in
when replaced. This information can be used in a variety of beneficial ways,
including the elimination of structured filing systems, which can be cumbersome

to maintain. With the object tracking system of the present invention applied to a
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filing cabinet, a user need only ask the controller where a file is located and the
controller can indicated which drawer of which cabinet contains the file. If the
file has been checked out by another individual, the controller can inform the user
the identity of the person who has the file. These and other advantages of the
application applied to a filing system are possible.

The invention has been described herein in terms of preferred
embodiments and methodologies. More specifically, the invention has primarily
been described in terms of a system for tracking keys or other small objects that
can be attached to a key card or enclosed in a container. While these are preferred
applications of the invention, it will be understood that the invention is fair from
limited to the specific embodiments and applications discussed herein. Virtually
any types of objects that need to be tracked can be tracked with the present
invention as long as they can be provided with RFID tags and a storage receptacle
for receiving the objects. Thus, a wide variety of additions, deletions, and
modifications might well be made to the embodiments illustrated herein without

departing from the spirit and scope of the invention as set forth in the claims.
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CLAIMS

What is claimed is:

1. An object tracking system for tracking the removal of objects from
a storage unit and the replacement of the objects at a storage unit, said object
tracking system comprising:

an ID tag attached to each of the object to be tracked, each ID tag
including electronic storage means carrying a stored code associated with the
object corresponding to the ID tag, each of said ID tags transmitting its stored
code when said ID tag is appropriately activated;

a plurality of receptacles in said storage unit configured to receive objects
when objects are replaced in said storage unit and to allow the objects to be
selectively removed from the storage unit;

a sensor associated with each of said receptacles for activating the ID tag
of an object in said receptacle and detecting the resulting transmission by the ID
tag of the stored code associated with the object;

selection circuitry coupled to said sensors for successively selecting said
sensors, each sensor, when selected, detecting the stored code associated with an
object if an object is present in the corresponding receptacle and detecting no
code if an object is not present in the corresponding receptacle; and

a controller coupled to said sensors for receiving stored codes detected by
said sensors and for determining, based on the received codes, the absence of
objects removed from the location and the presence and location within the
storage unit of objects present at the location;

said ID tags being adapted to transmit their stored codes to said sensors.
2. An object tracking system as claimed in claim 1 and wherein said

ID tags are radio frequency identification (RFID) tags, the stored codes of said 1D

tags being transmitted to said sensors through radio frequency transmission.
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3. An object tracking system as claimed in claim 2 and wherein each
of said ID tags includes an antenna for transmission of its stored code and wherein
each of said sensors includes an antenna for receiving stored codes transmitted by

said ID tags.

4. An object tracking system as claimed in claim 3 and wherein said
antenna of each ID tag comprises a pair of capacitive plates and wherein each of
said sensors includes a pair of capacitive plates, said capacitive plates of each ID
tag aligning with said capacitive plates of a sensor when the object to which said
ID tag is attached is disposed in the receptacle associated with the sensor, the
radio frequency transmission of said ID tag being capacitively coupled to said

Sensor.

5. An object tracking system as claimed in claim 4 and wherein said

capacitive plates are formed of conducive foil.

6. An object tracking system as claimed in claim 4 and wherein said

capacitive plates are formed of resistive ink.

7. An object tracking system as claimed in claim 4 and wherein said

capacitive plates are applied to a surface of said object.

8. An object tracking system as claimed in claim 4 and wherein said

capacitive plates are embedded within said object.

9, An object tracking system as claimed in claim 4 and wherein said
storage unit includes a panel formed with openings defining said receptacles and a
backplane spaced from and juxtaposed said panel, said capacitive plates of said

sensors being mounted on said backplane.
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10. An object tracking system as claimed in claim 9 and wherein the
objects are relatively thin cards having a length, a width, and a face, said
capacitive plates of each ID tag being substantially parallel with the face of its
corresponding card and said capacitive plates of each sensor being formed on an

upstanding daughter board affixed to said backplane.

11. An object tracking system as claimed in claim 10 and wherein said

capacitive plates of each ID tag is disposed on the face of a corresponding card.

12. An object tracking system as claimed in claim 10 and wherein said

capacitive plates of each ID tag are embedded within a cotresponding card.

13. An object tracking system as claimed in claim 10 and wherein the
capacitive plates of each ID tag are oriented along the width of the corresponding
card and wherein the capacitive plates of said sensors are correspondingly

oriented to align with the capacitive plates of said ID tags.

14. An object tracking system as claimed in claim 10 and wherein the
capacitive plates of each ID tag are oriented along the length of the corresponding
card and wherein the capacitive plates of said sensors are correspondingly

oriented to align with the capacitive plates of said ID tags.

15. An object tracking system as claimed in claim 9 and wherein the
objects are relatively thick and have a bottom end that is inserted in a selected
receptacle when the object is placed in said storage unit, said capacitive plates of
each ID tag being substantially parallel with the bottom end of the corresponding

object and said capacitive plates of said sensors being formed on said backplane.
16. An object tracking system as claimed in claim 15 and wherein the

objects are openable containers defining an interior space, the bottom ends of the

objects have an interior surface and an exterior surface.
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17. An object tracking system as claimed in claim 16 and wherein said
capacitive plates of each ID tag are disposed on the interior surface of the bottom

end of the corresponding openable container.

18. An object tracking system as claimed in claim 16 and wherein said
capacitive plates of each ID tag are embedded within the bottom end of the

corresponding openable container.

19. An object tracking system as claimed in claim 15 and wherein said
backplane has a {ront surface facing said panel and a back surface facing away

from said panel.

20. An object tracking system as claimed in claim 19 and wherein said
capacitive plates of said sensors are formed on said front surface of said

backplane.

21. An object tracking system as claimed in claim 19 and wherein said
capacitive plates of said sensors are formed on said back surface of said

backplane.

22. An object tracking system as claimed in claim 19 and wherein said
capacitive plates of said sensors are formed by printed circuit tracings on said

backplane.

23. An object tracking system as claimed in claim 3 and wherein said
antenna of each ID tag comprises an inductive loop and wherein each of said
sensors includes an inductive loop, said inductive loops of each ID tag aligning
with said inductive loop of a sensor when the object to which said ID tag is
attached is disposed in the receptacle associated with the sensor, the radio

frequency transmission of said ID tag being inductively coupled to said sensor.
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24. An object tracking system as claimed in claim 23 and wherein the
inductive loop of each ID tag is received within the inductive loop of a sensor
when the object to which the ID tag is attached is inserted within the receptacle

corresponding to said sensor.

25. An object tracking system as claimed in claim 23 and wherein the
inductive loop of each sensor is received within the inductive loop of an ID tag
when the object to which the ID tag is attached is inserted within the receptacle

corresponding to said sensor.

26. An object tracking system as claimed in claim 23 and wherein the
inductive loop of each ID tag is juxtaposed the inductive loop of a sensor when
the object to which the ID tag is attached is inserted within the receptacle

corresponding to said sensor.

27. In an object tracking system wherein objects to be tracked are
provided with ID tags storing codes identifying the objects and the codes of
objects present at a location are read by a reader for determining the presence or
absence of objects at the location, the improvement wherein the stored codes are

conveyed to the reader through radio frequency transmission.

28. The improvement of claim 27 and wherein the radio frequency
transmissions are conveyed to the reader by means of an antenna associated with

each ID tag and at least one antenna associated with the reader.
29. The improvement of claim 28 and further comprising a plurality of

receptacles at the location, each receptacle configured to receive one of the

objects.
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30. The improvement of claim 29 and each receptacle has an
associated reader and each reader is provided with an antenna for receiving the
code transmitted by the ID tag of an object disposed in the corresponding

receptacle.

31. The improvement of claim 30 and wherein the antenna associated
with each ID tag comprises a pair of capacitive plates and the antenna associated
with each reader comprises a pair of capacitive plates positioned to align with the
capacitive plates of the ID tag of an object disposed in the receptacle

corresponding to the reader.

32. The improvement of claim 30 and wherein the antenna associated
with each ID tag comprises an inductive loop and the antenna associated with
each reader comprises an inductive loop positioned to align with the inductive
loop of the ID tag of an object disposed in the receptacle corresponding to the

reader.

33. A method of determining the absence or presence of objects at a
location, the method comprising the steps of:

(a) providing each of the objects with a code identifying the object;

(b) periodically transmitting the codes of objects present at the
location by radio frequency transmission;

(c) receiving the transmitted codes by radio frequency reception; and

@ determining based on the received codes which objects are present

at the location and which objects are absent from the location.

34. The method of claim 33 and wherein step (a) comprises attaching a

radio frequency identification (RFID) tag to each object to be tracked.
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3s. The method of claim 34 and wherein step (b) comprises providing
an array of readers at the location, each reader configured and positioned to
receive the radio frequency transmission of one of the objects present at the

focation.

36. The method of claim 35 and wherein the radio frequency
transmissions of the ID tags are conveyed to the readers through capacitive

coupling.

37. The method of claim 35 and wherein the radio frequency
transmissions of the ID tags are conveyed to the readers through inductive

coupling.

38. The method of claim 35 and wherein step (b) comprises
sequentially activating the readers and receiving a code if an object associated
with the reader is present or receiving no code if an object associated with the

reader is not present.

39. The method of claim 38 and wherein step (d) comprises providing
a controller coupled to receive and interpret codes received by the readers and
further comprising the step of determining the presence and location of an object
if the objects code is received and determining that the object is absent if no code

is received.
40. The method of claim 39 and further comprising the step of logging

the determinations in order to track dynamically the removal and replacement of

objects at the location.

31



PCT/US99/20753

WO 00/16280

42 57
I :\7}‘
>
D
54153
o
=7 T
J— — X P
51 4
FIG. 3

26
27

37
38

39 /’

36 >§\
28
FIG. 2

11

24 /
21
19 @
13
FIG. 1

16
4
17\./

SUBSTITUTE SHEET (RULE 26)



WO 00/16280 PCT/US99/20753
2/9
63
RE OBJECT TO
66 64 sENsor [¢ > BE TR’?‘CKED
| [ e S
RFENCODER|_ .| MATRIX [, RF _ 1| RFD ||
/DECODER |~ ”| SELECTOR |~ 71 SENSOR |~ | TAG |-
N/ TS R )
\ RF . 62 o
CONTROLLER SENSOR
—— 63
( RF
<>
67 SENSOR
71
i
|
\\
|
72
ERFID TAG . i
g PARASITIC |
| ( POWER ;
| / SYSTEM :
: 4
ANTENNA 73
| - { |
|
! ENCODER/ :
I - "
i DECODER [€—> MEMORY i
| |
| f
I |
e o e e ————————— J

SUBSTITUTE SHEET (RULE 26)



PCT/US99/20753

WO 00/16280
3/9
N
o
T
x
O
__________________ -
§ (@]
= D -
Xx uw =
=g x 3
A o)
[+ ) ,95 p=
w
& =

SUBSTITUTE SHEET (RULE 26)



WO 00/16280 PCT/US99/20753

4/9

91

H—; ROW
92 SELECT
RF SWITCH
COLUMN——4 :/(_ TO RF SOURCE AND
93

SELECT ENCODER / DECODER

A }
F 87
[

89

i
T
|
!
!
i
|
|
|
|
| 53
|
i
I
|
!
|
!
|
t

/
FIG. 8 e o

RF SOURCE SENSOR RFID TAG

66 | ANAN—] ,
I%_L L54 4 73 72\

ENCODER t RF
DECODER @ 108 107 |switcH| 87| ENCODER . [Paasimc

A | N 106 MODULATOR CIRCUIT
CIRCUIT

Jf R C 8; (56 2 MEmORY
|

{
67 4 T ;4
6
A A\
MATRIX

> CONTROLLER > SELECTOR FIG. 9

]”._

SUBSTITUTE SHEET (RULE 26)



PCT/US99/20753

WO 00/16280

5/9

¢ = 1z ‘
19313S 1037138 0} "OId
NINN10D NINNTOD -
e MO N
A /m& >/NN b | Y

103138
NINN10D
m>+
TMOY ——> L.. ) M 3 L,
@: v . ®m v -
@ ®
IMOY — _ 5 .
L,A JL.V phi~—
€700 1t o 1100

=

T“ z210
®

.

@

601

m>+

@ T a9
W « AH_ 107138

gLl

5 A Qi | MOY

-

<

l._

@jbmw: A
88 =
®

43000

H3TICHLINOD [«—>| ¥3A0D

Els)

vmk

8& 901

ad 201
NI T 301 /
»\ LLb

SUBSTITUTE SHEET (RULE 26)



WO 00/16280 PCT/US99/20753

17

16—

134

138

FIG. 11

147

FIG. 12

SUBSTITUTE SHEET (RULE 26)



WO 00/16280 PCT/US99/20753

7/9
e
162
N
161 ——

159

166

FIG. 13

798
197
201
202 202
FIG. 15

SUBSTITUTE SHEET (RULE 26)



PCT/US99/20753

8/9

WO 00/16280

[ [ a MOy
[ [
ON9YL  931avNd OlovL  g318YN3
—Mg 0o o Q Y mll_ 6o o DH__
01304008 v J18YN3 0/1394N0S ¥ 31avN3
\\
/8« 02 78«
- —t vV MOY
ON9vL  g31evNa ONovL  g31ayNa
01304N0S v I1a¥N3 » 01304N0S vV 31avN3
R_ 102
902 ANNOYO 44| | 304NOS I
I
/ 10D
902
¢100 fo 394n0S :
S ¥30093a
¥3Q0ON3
SA

SUBSTITUTE SHEET (RULE 26)



WO 00/16280 PCT/US99/20753

9/9
213
[
4212
214
222 ~221
% . 7
218—5) | &—216 224

L AR T2 72

/ 226

FIG. 18

SUBSTITUTE SHEET (RULE 26)



International application No.
PCT/US99/20753

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
IPC(6) :GOSB 13/14
US CL : 340/568.1, 572.1, 572.7 and 572.8
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

340/568.1, 571, 572.1, 572.2, 572.7, 572.8, 825.49 and 825.54

u.s.

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Please See Continuation of Second Sheet.

Further documents are listed in the continuation of Box C.

L]

See patent family annex.

- Special categories of cited documents: T later doocument published after the international filing date or priority
. L. X date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
" gn ; : : . - X" document of particular relevance; the claimed invention cannot be
E enrlier document published on or after the international filing date considered no\ll’el or cannot be considered to involve an inventive step
"L document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other .
special reason (as specified) "y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
O document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"pP* document published prior to the international filing date but later than  ~g» document member of the same patent family

the priority date claimed

Date of the actual completion of the international search

18 OCTOBER 1999

Date of mailing of the international search report

1 8 NOV 1999

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No.

(703) 305-3230

Authorized officer

Telephone No.

JEFFERY A.

£ Motthkaas

(703) 305-4717

Form PCT/ISA/210 (second sheet)(July 1992)«




INTERNATIONAL SEARCH REPORT International colication No.

PCT/US99/20753

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 5,689,238 A (CANNON, JR. et al) 18 November 1997, col. 2,
lines 12-68, col. 3, lines 9-15, col. 4, lines 20-68 and col. 5 lines

1-16.

US 5,528,222 A (MOSKOWITZ et al) 18 June 1996, col. 1, lines
21-38, col. 3, lines 65-67, col. 4, lines 1-63, col. 5, lines 22-35,
col. 7, lines 6-25.

US 5,182,570 A (NYSEN et al) 26 January 1993, col. 1, lines 8-
31, col. 2, lines 16-24, 42-52, col. 3, lines 35-67.

US 5,777,884 A (BELKA et al) 07 July 1998, col. 6-24, col. 2,
lines 34-63, col. 3, lines 36-67, col. 4, lines 1-62, col. 5, lines 27-
67 and col. 6, lines 1-6.

US 4,673,915 A (COBB) 16 June, 1987, col. 1, lines 32-55, col. 3,
lines 8-68, col. 4, lines 1-58, col. 5, lines 24-55.

1-3, 27-30 & 33-
35

4-26, 31, 32 &
36-40

4-8, 31, 36, 38-40

23-26, 32 & 37

9-22

1-40

Form PCT/ISA/210 (continuation of second sheet)y(July 1992)»




INTERNATIONAL SEARCH REPORT International application No.
PCT/US99/20753

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING
This ISA found multiple inventions as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single
inventive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search
fees must be paid.

Group I, claims 1-32, drawn to an apparatus claim.
Group 1I, claims 33-40, drawn to a method claim.

The inventions listed as Groups I and 1I do not relate to a single inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

A, Group I discloses an apparatus object tracking system for tracking the removal of objects from a storage unit
and the replacement of the objects unit, comprising:

an ID tag including electronic storage and a transmitter for transmitting its stored ID;

a plurality of receptacles in the storage unit configured to receive objects;

a sensor associated with each of the receptacle for activating the ID tag;

selection circuitry coupled to the sensors; and

a controller coupled to the sensors for receiving stored codes detected by the sensors and for determining the
absence of objects removed from the location and the presence and location within the storage unit.

B. Group II discloses a method of determining the absence or presence of objects at a location, comprising the
steps of:

providing each of the objects with a ID;

periodically transmitting the codes of the objects present at the location by radio frequency transmission;

receiving the transmitted codes by radio frequency reception; and

determining based on the received codes which objects are present at the location and which objects are absent
from the location.

Form PCT/ISA/210 (extra sheet)(July 1992)



	2009-04-09 Foreign Reference

